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ANTIVIRAL AGENT 

Technical Field 

The invention relates to the treatment of spontaneous and viral-induced 
5 proliferative diseases. More specifically the invention relates to the use of metal 
chelating materials including, picolinic acid, fusaric acid and their derivatives as 
a chemotherapeutic and/or biological response modifier agents. 

Papilloma virus infection results in a number of proliferative diseases 
including warts induced by type 4 human papilloma virus (common warts). 
10 Moreover, papilloma virus can cause plantar ulcers as well as plantar warts. 
Human papilloma virus infection of the uterine cervix is the most common of all 
sexually transmitted diseases* Commonly know as genital warts* this wide 
spread virus infection is a serious disease that potentially can develop into 
cervical cancer. Since the virus is permanently present in cells, infection recurs 
15 in a significant percentage of patients. In many instances, conization of the 
uterine cervix is required to remove the infected tissue* 

Condylomata acuminata, also denoted genital warts, are benign 
epithelial growths that occur in the genital and perianal areas and caused by a 
number of human papilloma viruses (HPV) including types 6,1 1 and 54. These 
20 are low risk viruses which rarely progress to malignancy. However, high risk 
viruses such as HPV- 16 and HPV- 18 are associated with cervical intraepithelial 
cancer 

The actions of HPV are mediated by specific viral-encoded proteins 
which interact and/or modulate cellular DNA and proteins to produce abnormal 

25 growth and differentiation of cells. Two proteins of the HPV viral genome, E6 
and E7, are well conserved among anogenital HPV's and both may contribute to 
the uncontrolled proliferation of basal cells characteristics of the lesions. The 
E7 oncoprotein is a multi-functional protein with transcriptional modulatory and 
cellular transforming properties. The E7 oncoprotein is denoted as a "zinc 

30 finger" protein because it pocesses a sequence motif that is implicated in zinc 
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binding. A strong correlation between zinc binding and the transactivation 
activity of E7 has been documented. The HPV-16 E6 protein is a "zinc finger" 
protein that binds DNA and may have transcriptional properties and that 
function may be dependent upon the formation of zinc fingers. E6 can complex 

5 with the cellular tumor suppressor protein p53 and it is necessary with E7 for 
the immortalization of primary human squamous cells. 

The human immunodeficiency virus (HIV) encodes several regulatory 
proteins that are not found in other retroviruses, The tat protein, which is one of 
these proteins, trans-activates genes that are expressed from the HIV long 

10 terminal repeat and tat is essential for viral replication. The tat protein of the 
HIV-1 is a zinc finger protein that when added to certain cells in tissue culture, 
specifically promotes growth. It has been shown that the tat protein of HIV-1 
stimulates growth of cells derived from Kaposi's sarcoma lesions of AIDS 
patients. Other experiments raised the possibility that tat might act as a viral 

IS growth factor to stimulate replication in latently infected cells or alter 
expression of cellular genes. 

From the foregoing it appears that it would be beneficial to have a 
product that can interfere with the formation or action of certain zinc finger 
proteins to as to stop the progress of certain virally induced or mediated 

20 proliferative diseases or to halt the progress of viruses dependent upon zinc 
finger proteins for their transformation and immortalization, Furthermore, it 
would be beneficial to provide a product that can halt the growth of other 
proliferative cells, such as malignant cells by chelating metal ions from zinc- 
dependent proteins and enzymes necessary for the replication or transcription of 

25 the malignant cells. 
Background Art 

It is among the objects of the present invention to provide a compound 
which can retard the growth and proliferation of target cells. 
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It another objects of the present invention to provide a compound that 
can retard the growth of premalignant and malignant cells such as virally, 
chemically and spontaneously transformed cells. 

It is also among the objects of the present invention to provide a new 
5 treatment for patients suffering from various forms of spontaneous and 
retroviraMnduced proliferative diseases and cancers by utilizing the novel 
properties of metal chelating agents as a chemotherapeutic/anti-viral agent 
and/or biological response modifier. 

It is another object of the invention to provide a method of halting the 
10 function of zinc finger proteins by the administration of a zinc chelating agent. 

Yet another object of the invention is to provide such chelating agents in 
a relatively safe and nontoxic form such as picolinic acid and its derivatives. 

Another object of the invention is to provide a topical preparation of 
metal chelating agents such as picolinic acid or its derivatives to treat virally 
1 5 induced or spontaneous proliferative diseases of the skin or mucous meiribranes. 

It is still another object of the present invention to provide an 
intravaginal preparation containing metal chelating agents such as picolinic acid 
or derivatives thereof that can prevent or retard sexually transmitted diseases 
caused by viruses containing zinc finger proteins. 
20 Still another object of the present invention is to provide a preparation 

containing chelating agents such as picolinic acid or derivatives thereof that 
halts the progression of viral infections or proliferative diseases that is non-toxic 
to normal cells, easy to use, relatively inexpensive and well suited for its 
intended purposes. 

25 According to the invention, briefly stated, a preparation containing metal 

chelating compounds, for example picolinic acid or derivative thereof, used to 
treat viral or proliferative diseases, as well as the method of treatment. The 
preparation can be used to treat or control a wide assortment of proliferative 
diseases or conditions, both spontaneous or virally induced. The metal chelating 
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compounds bind metal, for example iron or zinc, required by enzymes or by 
transcription proteins found in viruses or malignant cells. 

One embodiment of the preparation consists of a solution of the chelator, 
for example, 0.5 to 50%, preferably 5% to 25%, picolinic acid in deionized 

5 water and is applied to the lesion one or two times a day. In another 
embodiment, the preparation consists of an ointment or cream containing 
approximately 0,5% to 50%, preferably 5% to 20% picolinic acid which is 
applied once or twice daily to the lesion and to a bandage placed on the lesion. 
The ointment or cream can be instilled intravaginally to retard sexually 

10 transmitted viral diseases. The various embodiments can be used to treat 
papilloma and herpes viral diseases and to retard the papilloma, herpes and HIV 
1 viruses as well as proliferative diseases such as psoriasis and skin cancer. 

It will be appreciated that other appropriate chelating materials such as 
the derivative of picolinic acid, fusaric acid, also may be used. It also will be 

15 appreciated that* although 5% to 20% preparations of the picolinic acid are 
described, a broader range of concentrations may be used, For example from 
approximately 0.5% to 50% or greater metal chelating agent may be used. 
Brief Description of Drawings 

FIG. 1 is the chemical structure of fusaric acid: 

20 FIG, 2 illustrates the effect of picolinic acid on total protein of LoVo 

cells; 

FIG, 3A illustrates the effects of fiisaric acid on the growth of Wl-38 

cells; 

FIG. 3B illustrates the effects of fiisaric acid on the growth LoVo cells; 
25 FIG. 3C illustrates the effects of fusaric acid on the growth of KB cells; 

FIG. 4 A illustrates the effects of fusaric acid on morphology of Wl-38 
cells, the cells treated without fusaric acid; 

FIG. 4B illustrates the effects of fusaric acid on morphology of Wl-38 
cells, the cells treated with fusaric acid; 
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FIG. 4C illustrates the effects of fusaric acid on morphology of LoVo 
cells, the cells treated without fusaric acid; 

FIG. 4D illustrates the effects of fusaric acid on morphology of LoVo 
cells, the cells treated with fusaric acid; and 
5 FIG 5 A illustrates the effects of fusaric acid on morphology of KB cells, 

the cells treated without fusaric acid; and 

Fig. 5B illustrates the effects of fusaric acid on morphology of KB cells, 
the cells treated with fusaric acid. 
Best Mode for Carrying Out the Invention 
10 Picolinic acid, a metal chelating, naturally occurring, biological 

compound, inhibits the growth of numerous cultured normal and transformed 
mammalian cells. It has been shown that short-term treatment with picolinic 
acid arrests normal cells in G b (Go) while transformed cells are blocked in 
different phases of the cell cycle. With longer exposure to picolinic acid 
1 5 cytotoxicity and cell death was observed in all transformed cells whether they 
were blocked in G lt G 2 or at random. In contrast, most normal cells showed no 
toxic effects from the picolinic acid. Thus, the selective growth arrest and the 
differential cytotoxicity induced by picolinic acid reveals a basic difference in 
growth control and survival mechanism(s) between normal and transformed 
20 cells. 

Kinetic and radiosotopic studies show that picolinic acid both inhibits 
incorporation of iron into the cells and effectively removes radioiron from the 
cells. Hence, it is conceivable that the inhibition of cell proliferation in vitro, as 
well as tumor growth in vivo, by picolinic acid results, at least in part, from 

25 selective depletion of iron in the cells. 

However, it also is shown that picolinic acid may arrest prokaryote and 
eukaryote cell growth by inhibiting Zn-requiring enzymes. In addition to its 
chelating ability, picolinic acid has a number of biologic properties such 
inhibitory effects on ADP ribosylation and ribosomal RNA maturation, 

30 modulation of hormonal responses, and macrophage activation. Picolinic acid in 
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combination with interferon gamma can inhibit retroviral J2 mRNA expression 
and growth in murine macrophages. Thus, picolinic acid and its derivatives can 
act as a biological response modifier. 

Fusaric acid is a potent inhibitor of cancerous cell growth. Fusaric acid, 
5 a picolinic acid derivative, metal ion chelator, shows an effect on the growth 
and viability of normal and cancerous cells in tissue culture. Examples 
presented here show that fusaric acid has potent anti-cancer and anti-viral 
activity in vitro. Moreover, fusaric acid may be useful in the treatment of 
spontaneous and virally-induced tumors in vivo without substantially damaging 
1 0 living normal cells. 

Fusaric acid is the 5-butyl derivative of picolinic acid. Its structure is 
shown in Fig. 1. Fusaric acid was recognized in the early 1960*s to have activity 
as an antihypertensive agent in vivo. Fusaric acid and its properties can be 
summarized as follows. Undoubtedly the drug interacts with various 
15 metaloproteins and metal ion-requiring enzyme systems. Fusaric acid is noted 
to be an inhibitor of a wide variety of seemingly unrelated enzyme systems. 
These include poly ADP ribose polymerase, a Zn-finger enzyme, and other Zn- 
finger proteins. Cu-requiring systems are also effected by fusaric acid. These 
enzymatic systems are important in growth control mechanisms. It has become 
20 increasingly clear that fusaric acid, by virtue of its butyl group penetrates the 
cell interior much more easily than picolinic acid, and works at least in part as a 
Zn/Cu chelating agent. 

Examples of the specific effects of metal chelating agents, including 
picolinic acid and fusaric acid, as well as the practical application of those 
25 agents will now be described. 

INHIBITION OF CELL GROWTH IN TISSUE CULTURE 
EXAMPLE 1 

Effects of Picolinic Acid pd Growth pf WI-38. LpYq and KB, Cells 
Cells were plated at L5 x 10 5 cells/60-mm dish; 48 hours later, the 
30 medium was removed, and new media with or without 3 mM picolinic acid 
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were added. Total cell protein was determined at the indicated times; each point 
is the average of triplicate measurements from 2 cultures. 

The growth of normal WI-38 cells was inhibited by 3 mM picolinic acid 
within 24 hours, the cells showed no toxic effects for up to 72 hours of 
5 treatment, and the inhibition was reversible within 24 hours of removal of the 
agent (data not shown). These results are identical to previous results with WI- 
38 cells incubated with picolinic acid. 

The growth of LoVo cells was inhibited by 3 mM picolinic acid (Fig. 2). 
After 24 to 48 hours of exposure to picolinic acid (3 mM), LoVo cells acquired 
10 a flattened morphology, they began to look granular, no mitosis were observed, 
and some began to float in the medium, (data not shown). With longer exposure 
(48-72 hours) cytotoxicity and cell death was observed in LoVo cells (data not 
shown). Equivalent results were obtained with cancerous KB cells treated with 
picolinic acid (3 mM) but its cytotoxic effects on this cell type were not as 
1 5 pronounced as in the case of LoVo cells (data not shown). 

EXAMPLE 2 

Effect of Fusaric Acid on Growth and Viability of Normal WT-1R celk 
In initial experiments to examine the effects of fusaric acid on cell 
growth and viability, WI-38 and LoVo cells were incubated for 24 to 72 hours 
20 in medium with or without various doses of fusaric acid (0.1-1 mM). The 
growth of both WI-38 and LoVo cells was inhibited by 500 jaM fusaric acid in a 
time and dose dependent manner, as shown below in Table 1 , A higher dose of 
fusaric acid (1 mM), caused a pronounced decrease in the rate of cell growth of 
both cell lines, and extensive cytotoxicity was noted particularly in LoVo cells 
25 by 24 hours. These preliminary experiments led to detailed tests of the effects of 
the highest dose of fusaric acid (500 fiM) which appeared to show some 
differential toxicity on LoVo cells with little toxicity to WI-38 cells (Table 1). 

Table 1 

Effect of Different Doses of Fusaric Acid on 
30 WI-38 and LoVo Total Cell Protein 
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5 



Addition 




Monolayer Protein 
(jig/dish) 4 




Un 


24n 


48h 


72h 


WI-38 








None 105 


202 


270 


371 


Fusaric acid (0.5 mM) -- 


195 


275 


345 


Fusaric acid (1 mM) - 


236 


202 


195 


LoVo 








None 202 


270 


352 


457 


Fusaric acid (0.5mM) 


135 


90 


101 


Fusaric acid (ImM) 


ND 


ND 


ND 



a Cells were plated at K5 x 10 5 cells/60-mm dish in DME/F12 medium 
containing 10% Calf serum. The medium was removed 24 hours later and then 
fresh media containing the indicated concentrations of fusaric acid were added. 



20 Protein was determine at the indicated times. Points are the mean of duplicate 
determinations. SE did not exceed 5% of the mean, ND, not done because of 
extensive cell destruction, 

Fig. 3 A shows that the growth of WI-38 cells was strongly inhibited by 
500 \M fusaric acid. After 30 to 48 hours in 500 fusaric acid, WI-38 cells 

25 acquired a more flattened morphology, showed some granularity, and no mitotic 
cells , as illustrated in Fig. 3B, or further increase in cell number were observed 
(See, Fig, 3A). Following 30 hours incubation with fusaric acid (500 \xM)> 
normal growth rate was not restored after removal of fusaric acid and the cell 
number decreased significantly (30%) after 4 days in normal media. The 

30 remaining cells were spread on the substratum in normal manner without any 
visible mitosis for 4 days after removal of the drug. However, they resumed 
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growth after 125 hours of removal of fusaric acid (Fig. 3 A), and most (>95%) of 
the cells survived. These results suggest that the majority of WI-38 cells were 
arrested in G^Gq) by fusaric acid and they proceeded slowly through the cell 
cycle after its removal. 

5 To examine WI-38 cell viability in greater detail, the effects of fusaric 

acid were studied in logarithmically growing and contact inhibited confluent 
cells (Tables 2 and 3). In logarithmically growing WI-38 cells approximately 
76% of the cells were viable after 30 hours of treatment with fusaric acid. When 
the cells were treated for 78 hours, only 26% of the cell population survived the 

10 pronounced cytotoxic actions of fusaric acid The data are shown below in Table 
2. 

Table 2 

Viability of Cells in Logarithmic Growth After Treatment with Fusaric Acid* 



15 % Survival 6 



Cell line 30h 78h 



20 WI-38 

Control 100 100 

Treated 76.4 26 

LoVo 

Control 100 100 

25 Treated 38.5 4,5 



*The cells were incubated in medium with or without 500 \lM fusaric acid for 
the indicated times. 

fraction of total cells counted which did not stain with trypan blue. Cells 
30 attached to the dish were exposed to trypan blue and counted. The percentage 
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exclusion by untreated cultures was normalized to 100% for comparison with 
fusaric acid-treated cultures. 

The detach cells showed conspicuous cytotoxic effects and most of them 
were destroyed. Interestingly, in confluent cell, fusaric acid did not show any 
cytotoxic effects as determined by the fact that 100 % of the cells survived 48 
hours of treatment with 500 \xM fusaric acid , as shown in Table 3, below. 

Table 3 

Viability of Confluent Cells after Treatment with Fusaric Acid (500 \iM) 



% Survival 4 



Cell line Control Treated 

15 Wl-38 100 100 

LoVo 100 40 

KB 100 95 

determined at 48h using trypan blue dye exclusion test as indicated in Table 2. 
20 Thus, a significant proportion of the population of growing cells (76%) 

and all of the confluent WI-38 cells cell resisted the marked cytotoxic action of 
fusaric acid. 

EXAMPLE 3 

Effect of Fusaric Acid on Growth and Viability of Colon Carcinoma T oVo 

25 Cells- 

Fusaric acid (500 jiM) inhibited LoVo cell growth, as shown in Fig. 3B, 
After 30 hours of treatment with 500 jiM fusaric acid, there was a prominent 
decrease in cell number. DNA synthesis was completely (100%) inhibited by 
24 hours. When treated with 500 \iM fusaric acid, the majority of the LoVo 

30 cells acquired a rounded morphology by 48 hours. 



BNSDOCID: - WO 97241 21 A1 l_> 



WO 97/24121 



- 11 - 



PCT/US96/20636 



As shown in Fig, 4D, most of the cells became granular, showed 
pronounced cytotoxic effects, many were destroyed, and subsequently detached 
from the culture dish. These floating cells were not viable. They did not adhere 
to the substratum and disintegrated after 1 to 3 days when resuspended in fresh 

5 medium without fusaric acid. Fig. 4B shows that within 30 hours of treatment 
there was a 60% decrease in cell number. Following removal of the drug after 
30 hours of treatment showed that the cell population continued to decline (~ 
80%) in number up to approximately 100 hours (Fig. 4B). However, after 100 
hours, an increase in cell number was noted after 25 additional hours. 

10 As in the case of WI-38, LoVo cell viability after fusaric acid treatment 

was investigated in logarithmically growing and confluent cells, as shown in 
Tables 2 and 3. In logarithmically growing LoVo cells, approximately 38% of 
the attached cells were viable after 30 hours of treatment with fusaric acid. 
When the cells were treated for 78 hours, only 4.5% of the cell population 

15 survived the pronounced cytotoxic actions of fusaric acid. The detach cells 
showed noticeable cytotoxic and most of them were destroyed at these time 
points. In confluent cell, fusaric acid showed a significant cytotoxic effect as 
determined by the fact that only 40% of the cells survived 48 hours of treatment 
with 500 jiM fusaric acid* Thus, LoVo cells arc much more sensitive to the 

20 cytotoxic actions of fusaric acid in both growing and confluent population of 
cells in comparison to normal WI-38 cells. 

EXAMPLE 4 

Effect of Fusaric Aqid on Growth and Viability of Human Carcinoma KB Cells . 
Fig 2C shows that the growth of KB cells was inhibited by fusaric acid 

25 (500 [iM). After 24 hours of treatmentthere was no further increase in cell 
number. As illustrated in Figs. 3C and 5B, after 24*48 hours in 500 \iM fusaric 
acid, most of the KB cells acquired a more flattened morphology, and no mitotic 
cells or further increase in cell number were observed. Following 48 hours 
incubation with fusaric acid (500 vM\ normal growth rate was not restored 

30 after removal of fusaric acid and the cell number decreased significantly after 27 
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additional hours in normal media (Fig. 3C). The remaining cells were spread on 
the substratum in normal manner without any visible mitosis for 27 additional 
hours after drug removal. However, they resumed growth after 27 hours of 
removal of fusaric acid 
5 (Fig. 3C). 

To examine KB cell viability in greater detail, the effects of fusaric acid 
were studied in logarithmically growing and confluent cells. In logarithmically 
growing KB cells 70% of the cells were viable after 48 hours in 500 \xM fusaric 
acid. In confluent cell, fusaric acid did not show significant cytotoxic effect, as 
10 determined by the fact that 95% of the cells survived 48 hours of treatment with 
500 jiM fusaric acid (See Table 3, above). Thus, in contrast to LoVo cells, a 
significant proportion of the population of growing (70%) cells and virtually all 
(95%) of confluent KB cells resisted the pronounced cytotoxic action of ftisaric 
acid (See Tables 2 and 3, above). 
15 EXAMPLE 5 

Effect of Fusaric Acid on Growth and Viability of 
Human B reast Adenocarcinoma Cells, 
Fusaric acid (500|iM) rapidly inhibited human breast adenocarcinoma 
MDA-468 cell growth. After 12-24 hours of treatment with 500 uM fusaric 
20 acid, there was no further increase in cell number, DNA synthesis was 
completely inhibited (100%) by 24 hr. When treated with 500 uM fusaric acid, 
the majority of the MDA-468 cells became granular, showed pronounced 
cytotoxic effects, many were destroyed and subsequently detached from the 
culture dish. These floating cells were not viable. Within 30 hours of treatment 
25 there was a 65% decrease in cell number. Following removal of the drug after 
30 hours of treatment showed that the cell population continued to decline in 
number. After 96 hours, less than 10% of the original population remained 
attached to the dish and no change in cell number was noted after one additional 
week. 
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As in the case of WI-38, MDA-468 cell viability after fusaric acid 
treatment was investigated in logarithmically growing and confluent cells. In 
logarithmically growing MDA-468 cells, less than 20% of the attached cells 
were viable after 30 hours of treatment with ftisaric acid. When the cells were 
5 treated for 48 hours, only 0.1% of the cell population survived the pronounced 
cytotoxic actions of ftisaric acid. In confluent cells, fusaric acid showed 
significant cytotoxic effect as determined by the fact that only 10% of the cells 
survived 48 hours of treatment with 500 nM ftisaric acid. Thus, MDA-468 cells 
are extremely sensitive to the cytotoxic actions of fusaric acid in both growing 
10 and confluent population of cells in comparison to normal WI-38 lines studied. 
Thus, ftisaric acid is effective to reduce and control growth of this 
common type of human malignancy. 

EXAMPLE 6 

Effects of fusaric acid on growth and viability of other huma n carcinoma cell 
15 types 

As in previous examples, the following human cell lines were inhibited 
by similar concentrations of fusaric acid: Prostatic adenocarcinoma, skin 
carcinoma, colon carcinoma, liver adenocarcinoma and lung adenocarcinoma. 
For all these cell types, cell viability decreased by approximately 60% after 48 
20 hours of treatment with ftisaric acid. 

EXAMPLE 7 

Combined effects of ftisari c acid and standard c^iemotherapeutic agents 
Other chemotherapeutic agents such as 5-fluorouracil and/or levamisole 
in the case of colon adenocarcinoma may be utilized in conjunction with fusaric 
25 acid to enhance the effectiveness of therapy. Irreversible cell death and 
biological alterations induced by fusaric acid also may be enhanced by using 
agents from the group consisting of anti-cancer antibodies, radioactive isotopes, 
and chemotherapeutic agents. 

The method of using fusaric acid or picolinic acid topically to treat a 
30 variety of viral and spontaneous proliferative diseases, as will be described in 
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detail below, can be used in combination with cytotoxic agents selected from 
the group consisting of chemotherapuetic agents, antibodies, radioactive 
isotopes, and cytokines (eg. Interferons), vitamin A, for enhanced activity. 

EXAMPLE 8 

5 Fusaric Acid effect on cells with increas^ P-protein activity 

Multidrug resistance (MDR) is a formidable obstacle to effective cancer 
chemotherapy. Studies have indicated that MDR is a phenomenon in which 
resistance to one drug is associated with resistance to a variety of unrelated 

10 drugs. Thus, even when a combination of chemotherapeutics is used, patients 
may exhibit concurrent resistance to some or all of the drugs, leading ultimately 
to failure of therapy. 

One of the primary contributors to MDR is a glycoprotein denoted P- 
glycoprotein of molecular weight 1 70 Kdal , also know as PI 70, P-glycoprotein 

15 or PI 70 acts as a pump, effectively eliminating chemotherapeutic agents from 
the cell interior to the extracellular space. Although drug-sensitive cells are 
destroyed during the initial and subsequent courses of chemotherapy, drug 
resistance cells, containing elevated levels of P-glycoprotein, emerge, multiply 
and eventually lead to death of the host. 

20 P-glycoprotein, the product of the mdr-1 gene is a plasma membrane 

protein. The molecule is composed of 12 transmembrane domains and two 
binding sites for ATP, which furnishes the energy required for drug elimination. 
The function of this protein in normal cells is presumably to eliminate naturally 
occurring toxic compounds* Elevated levels of P-glycoprotein have been 

25 associated with multidrug resistance in numerous malignancies, including: 
colon carcinoma, breast carcinoma, liver, pancreas, lung carcinoma and other 
tumors. 

From the previous information, it is evident that drugs that are not 
neutralized by the P-glycoprotein mechanism will be of benefit for 
30 chemotherapeutic attack of susceptible and MDR-resistant cells. Of 
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considerably interest for this invention is the data showing that fusaric acid does 
not induce PI 70 protein and is effective in controlling growth of cells with high 
levels of PI 70 protein. Thus, fusaric acid may have some role in the treatment 
of tumors which are resistant to MDR-associated drugs. 
5 INHIBITION OF RETROVIRAL mRNA EXPRESSION IN TISSUE 

CULTURE CELLS BY FUSARIC ACID 
EXAMPLE 9 

Use of fusaric acid to reduce the expression of retroviral m RNA levels 
By using Kirsten (K) sarcoma retrovirus-transformed NRK cells it was 

10 shown in preliminary experiments that fusaric acid reduces the expression of 
retroviral mRNA levels. Furthermore, it also may be shown that the 
combination of fusaric acid and interferon-gamma results in a potent inhibition 
of K sarcoma virus mRNA expression in K-NRK cells. 

Identification of fusaric acid as a substance that can inhibit expression of 

15 mRNA controlled by a retroviral promoter is a great interest because of the 
importance of retroviruses, such as the human immunodeficiency virus (HIV), 
in animal and human disease. Although the biology of K-virus and HIV is 
different, fusaric acid may be effective in controlling HIV viral expression. 
Furthermore, the combination of fusaric acid plus interferon-gamma may be 

20 much more potent in inhibiting HIV expression in human monocytes and other 
infected cells* Thus, this inventions is not limited to the effects of fusaric acid 
in K-NRK, cells but is extended to the actions of this agent in other retrovirally 
infected human and animal cells. 

PREPARATIONS CONTAINING METAL CHELATING PICOLINIC ACID 
25 AND DERIVATIVES AND THE TREATMENT AND PREVENTION OF 
SPECIFIC DISEASE STATES WITH THE PREPARATIONS 
EXAMPLE 10 

Topical or intravaginal preparation of picolinic acid in a absorption bass 
A topical or intravaginal preparation of picolinic acid in an absorption 
30 base is made by incorporating 0.5% to 50%, preferably 5% to 20% picolinic 
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acid into an absorption base. An absorption base generally is an anhydrous base 
which has the property of absorbing several times its weight of water to form an 
emulsion and still retain an ointment-like consistency. Absorption bases may 
vary in their composition but generally are a mixture of animal sterols with 
5 petrolatum, such as Hydrophilic Petrolatum, U.S.P. The most common 
commercially available products are Eucerin and Aquaphor (Beiersdorf) and 
Polysorb (Fougera). One preferred embodiment of the topical preparation is 
made by dissolving 10% picolinic acid in deionized water and then 
incorporating the solution into an equal amount of Aquaphor, on a wt/wt basis. 

10 EXAMPLE 11 

Picolinic acid gf>httin n 
Picolinic acid can be employed topically or for vaginal installation as a 
0.5% to 50%, preferably 5% to 20% t aqueous solution. One preferred 
embodiment of the solution is prepared by dissolving an appropriate amount of 

15 picolinic acid in an appropriate amount of deionized water to form a 10% 
solution. 

EXAMPLE 12 
Treatment of ulcerative lesion with topi cal picolinic acid 
A subject horse had a 3 inch diameter ulcerative lesion on the left side of 
20 its neck. The lesion had a papillomatous appearance with bleeding at the tips of 
the papillae. The lesion was progressive, with total loss of hair over the area. 
The diagnosis was viral disease, i.e. papilloma virus, complicated by fiingal 
infection. The horse was treated with conventional local antibiotic and chemical 
therapies for about four months. However, the agents used did not modify the 
25 course of the disease. 

An aqueous solution of 10% picolinic acid in deionized water was 
applied every other day with a cotton swab over and around the lesion. The 
treatment continued for 45 days. The course of the regression of the viral lesion 
was a follows: 
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1) after 10 days of treatment, the bleeding papillae suffered central 
necrosis and the borders of the ulcer acquired the aspect of granulomatous 
proliferating healing tissue; 

2) after 20 days of treatment, the healing lesion began to show hair 
5 growth in multiple areas; the diameter of the lesion was reduced to 

approximately 2 inches and appeared flat and clean of debris; 

3) after 30 days of treatment, the lesion was about 1 inch in diameter 
with abundant hair growth on the borders and on the surface of the lesion; 

4) at 45 days the lesion resolved with some scar tissue; hair covered all 
10 of the area; and 

5) after three additional months the horse was observed without evidence 
of recurring disease. 

EXAMPLE 13 
Treatment of patients with papilloma virus skin lesions 
1 5 Picolinic acid and its analogues act by chelating metal ions* tn the case 

of the inhibition of viral replication by picolinic acid, the ion involved is zinc, 
which is essential to maintain the active structure of zinc finger proteins such as 
£6 and E7 proteins of the human papilloma viruses essential for viral 
replication. 

20 Five patients ranging in age from 1 1 years to 52 years and each having at 

least one common wart induced by type 4 human papilloma virus was treated 
with a topical preparation of picolinic acid. The topical preparation was either 
solution of 10% to 20% picolinic acid in deionized water or a topical ointment 
wherein 10% picolinic acid is incorporated into Aquaphor, i.e.l g of picolinic 

25 acid in 10 g of Aquaphor. After seven days of application of the solution or 
ointment, central necrosis of the wart occurred. After approximately 4 to 6 
weeks the warts were gone. It should be noted that there was no significant 
difference observed in the course of disease between the 10% and 20% 
solutions. However, faster resolution was seen with the ointment and is 

30 believed to be due to the continual contact time imparted by the ointment base. 
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EXAMPLE 14 
Treatment of vims-induced plantar ulcer 
A 50 year old patient with recurrent plantar wart of about 2 cm in 
diameter was treated with topical picolinic acid. The patient, a dermatologist 
5 who had difficulty walking because of the pain caused by the ulcer, had 
experimented with numerous medications for more than three months without 
any significant results prior to treatment with the picolinic acid, It is relevant to 
note that many plantar ulcers are transformed into malignant tumors. 

The patient was treated with a solution of 10% picolinic acid in 
10 deionized water for one week. Central necrosis was noted. He then was treated 
with 10% picolinic acid in Aquaphor. The ointment was placed on the ulcer and 
on a patch. The patch was replaced every 24 hours. After an additional three 
weeks the plantar ulcer resolved. 

EXAMPLE 15 

15 Treatment of metastatic disease to the skull from breast cancgf 

A 73 year old female with metastatic breast cancer to the skin and bone 
of the skull was treated with a topical preparation of 10% picolinic acid in 
Aquaphor. The preparation was applied to the cancerous lesions and to a 
bandage and changed twice daily. The multiple cancer lesions were 

20 approximately 1 to L5 cm in diameter. The lesions resolved with scar tissue 
forming after approximately 35 days. 

EXAMPLE 16 
Treatment of proliferative skin disorders 
Several patients suffering from proliferative skin disorders such 
25 psoriasis have been included in a recent ongoing study of the antiproliferative 
effects of topical picolinic acid. Preliminary information indicates that the 
picolinic acid has a significant effect in inducing regression of the psoriasis. The 
patients may be treated with a topical application of approximately 5% to 20% 
picolinic acid, or a derivative thereof, in an absorption base. Alternatively, the 
30 patient may be treated with a solution containing approximately 5% to 20% 
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picolinic acid, or derivative, in deionized water, The topical preparation may be 
applied twice a day or in an alternative pharmacologically acceptable regimen. 

EXAMPLE 17 
Treatment of Actinic lesions 

5 Two patients with actinic lesions (average of 5 lesions per patient, each 

lesion being approximately 3 mm to 5 nun in diameter) were diagnosed as 
requiring liquid nitrogen removal of the lesions* The patients received a daily 
application of 10% picolinic acid in Aquaphor. After approximately three 
weeks of treatment, the lesions were completely cured (eliminated) without any 

1 0 effects on normal skin. 

EXAMPLE 18 

Use of picolinic acid prophvlacticallv to prevent sexually transmitted diseases 
As stated above, it is likely that picolinic acid will interfere with the 
replication of the retroviruses by chelating zinc and preventing the activity of 
15 certain zinc finger proteins. Therefore, a suitable preparation of a chelating 
material, for example, picolinic acid or derivative may be used for vaginal 
application to prevent infection with any virus containing zinc finger proteins as 
an essential component of the viral replicating machinery, i.e. transcription 
factors. Such viruses include, but are not limited to, human papilloma viruses 
20 (E6 and E7 zinc finger proteins) and the AIDS virus (tat protein). 

The preparation may be prepared by incorporating approximately 5% to 
20% picolinic acid in a suitable base, such as Aquaphor, and instilling the 
ointment vaginally before coitus. It also may be possible to prepare a douche of 
approximately 0,5% to 50%, preferably 5% to 20%, picolinic acid in deionized 
25 water and used before and after coitus. Such preparations may be used 
prophylactically to prevent infection with these viruses. 

Furthermore, the preparations may be used vaginally to treat the uterine 
cervix infected with papilloma virus. 
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A condom containing approximately 5% to 20% picolinic acid or 
derivative may be used to prevent replication of the viruses in the vaginal and 
cervical cells in the event the condom fails or ruptures. 

It will be appreciated that various changes and modifications may be 

5 made in the preparations and methods described and illustrated without 
departing from the scope of the appended claims, For example, suitable 
preparations, other than topical preparations, of metal chelating compounds 
may be employed for the treatment of adenocarcinomas and squamous cell 
carcinomas. The preparation may be used alone or in combination with other 

10 chemotherapeutic agents. Furthermore, the preparations may be used to treat a 
wide spectrum of proliferative and viral diseases mediated by zinc finger 
proteins or other metal ion dependent proteins or enzymes. Therefore, the 
foregoing specification and accompanying drawings are intended to be 
illustrative only and should not be view in a limiting sense. 

15 
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Claims 

1 A method of inhibiting the proliferation and replication of a biological 
structure by chelating metal ions required for growth and transformation of the 
structure with a metal chelating agent. 
5 2. The method of claim 1 wherein the biological structure is a cell. 

3. The method of claim 1 wherein the biological structure is a virus. 

4. The method of claim 1 wherein the chelating agent is picolinic acid or a 
derivative thereof. 

5. The method of claim 4 wherein the derivative is fusaric acid* 

10 6. A method of treating or preventing spontaneous or virally mediated 
proliferative diseases by the application of a pharmacologically acceptable 
metal ion chelating agent. 

7. The method of claim 6 wherein the chelating agent is picolinic acid or a 
derivative thereof 

15 8. The method of claim 6 wherein the diseases are transformed by 
retroviruses. 

9. The method of claim 6 wherein the diseases are caused by papilloma 
viruses. 

1 0. The method of claim 6 wherein the disease is psoriasis. 

20 11. The method of claim 6 wherein the disease is caused by herpes viruses. 

12. The method of claim 6 wherein the disease is caused by the human 
immunodeficiency virus. 

13. A method treating proliferative dermatological diseases by the topical 
application of a metal ion chelating agent. 

25 14. The method of claim 13 wherein the metal ion chelating agent is 
picolinic acid or a derivative thereof. 

15. The method of claim 13 further comprising the topical application of a 
solution of picolinic acid. 

16* The method of claim 15 wherein the solution of picolinic acid contains 
30 approximately 5% to 20% picolinic acid. 



BNSDOCID; <W0„9724121A1_I 



WO 97/24121 



-22- 



PCI7US96/2G636 



17. The method of claim 13 further comprising the topical application of a 
preparation of picolinic acid in a pharmacologically acceptable absorption base. 

18, The method of claim 17 wherein the preparation contains approximately 
5% to 20% picolinic acid. 

5 19. A method of treating diseases caused by papilloma viruses comprising 
the application of a metal ion chelating agent. 

20. The method of claim 19 wherein the metal ion chelating agent is 
picolinic acid or a derivative thereof. 

2L A method of treating diseases caused by herpes viruses comprising the 
10 application of a metal ion chelating agent. 

22. The method of claim 21 wherein the metal ion chelating agent is 
picolinic acid or a derivative thereof. 

23. The method of preventing sexually transmitted viral diseases by the 
intravaginal instillation of a metal ion chelating agent., 

15 24. The method of claim 23 wherein metal ion chelating agent ir picolinic 
acid or a derivative thereof. 

25. The method of claim 23 wherein the metal chelating agent is contained 
in an absorption base. 

26. The method of claim 23 wherein the metal chelating agent is contained 
20 in a solution, 

27. The method of claim 23 wherein the sexually transmitted viral disease is 
caused by herpes viruses. 

28. The method of claim 23 wherein the sexually transmitted viral disease is 
caused by papilloma viruses. 

25 29. The method of claim 23 wherein the sexually transmitted viral disease is 
caused by the AIDS virus. 

30. A topical or intravaginal preparation of metal chelating agent comprising 
about 5% to about 20% metal chelating agent; and deionized water. 

31. The preparation of claim 30 wherein the metal chelating agent is 
30 picolinic acid or a derivative thereof. 



BNSDOCID <WO_ 9724121 A1,L^ 



WO 97/24121 



-23- 



PCI7US96/20636 



32. A topical or intravaginal preparation containing a metal ion chelating 
agent comprising about 5% to about 20% of metal chelating agent; and an 
ointment base. 

33. The preparation of claim 32 wherein the metal ion chelating agent is 
5 picolinic acid or a derivative thereof. 

34. The preparation of claim 32 wherein the ointment base is an absorption 
base. 

35. A method of treating adenocarcinoma comprising the administration of a 
pharmacologically acceptable dose of a metal ion chelating agent. 

1 0 36. The method of claim 34 wherein the chelating agent is picolinic acid or a 
derivative thereof. 

37. The method of claim 35 wherein the metal chelating agent is fiisaric 
acid. 

38. The method of claim 34 wherein the metal chelating agent is combined 
15 with other chemotherepeutic agents selected from the group containing 

radioactive isotopes, anti-cancer antibodies. 

39. A method of preventing multidrug resistance in cancer therapy 
employing a treatment regimen of one or more chemotherapeutic drugs 
comprising the addition of a metal ion chelating agent to the treatment regimen 

20 to inhibit the activity of P-glycoprotein. 

40. The method of claim 38 wherein the metal chelating agent is picolinic 
acid or a derivative thereof. 

41 . The method of claim 39 wherein the derivative is fusaric acid. 
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